Take-down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. The unsymmetrical, optically active ligands 1,2-C 6 H 4 (PPh 2 )((R,R)-2,5-dimethylphospholanyl) (1a) and the new 1,1′-Fe(C 5 H 4 ) 2 (PPh 2 )((R,R)-2,5-dimethylphospholanyl) (1b) (3a,b) . The crystal structure of 2a reveals that only one quadrant is blocked. Asymmetric hydrogenation of acrylic esters and enamides using 3a and 3b as catalysts show that the phenylene-backboned diphosphine gives a more efficient catalyst in terms of asymmetric induction than the more flexible ferrocene-backboned diphosphine.
Introduction
Asymmetric hydrogenations of CC, CO and CN functionalities have found important applications in organic synthesis and in the fine chemicals business. 1 Over the last 30 years, hundreds of chiral diphosphine ligands have been screened 2 for asymmetric hydrogenation and from this empirical endeavour, some guiding principles for the design of diphosphines for efficient asymmetric hydrogenation have emerged. These include, the presence of a rigid backbone, PPh 2 groups or 2,5-dimethylphospholanes; two of the most successful chiral diphosphines, binap 3 and Duphos 4 embody these features. In parallel with the ligand work, detailed mechanistic studies 5 have illuminated the elementary steps in asymmetric hydrogenation and given rise to a useful model, based on quadrant diagrams, 6 which has been used to rationalise the efficiency of ligands such as binap and Duphos. 5 terised. The intermediates in the synthesis of the phenylene diphosphine 1a have been previously reported by us 10 and others, 11 while the ferrocenyl diphosphine 1b is new and all intermediates have been fully characterised (see Experimental section). The ligands 1a and 1b were designed to investigate the efficiency of a chiral diphosphine containing PPh 2 and 2,5-dimethylphospholane groups. Here we report the coordination chemistry of 1a and 1b with platinum(II) and rhodium(I) and the applications of 1a and 1b in asymmetric hydrogenation. While this work was in progress, 7 the synthesis of ligand 8 1a and some of its applications in asymmetric hydrogenation have been reported. 
Results and discussion
Ligands 1a,b were made according to the route shown in Scheme 1 (which is similar to the literature route 9 ) and have been fully charac-
The coordination chemistry of 1a,b is summarised in Scheme 2 and the characterising data for the platinum(II) complexes (2a,b) and rhodium(I) complexes (3a,b) are given in Table 1 ( 31 P NMR)
Asymmetric hydrogenations
The rhodium complexes 3a,b were screened for asymmetric hydrogenation of the dehydroamino acid derivatives A and B and itaconic acid C and the results are collected in Table 3 . The catalysts were efficient in terms of conversions under mild conditions (see Experimental section for details). For all three substrates, the enantioselectivities were greater for the phenylene diphos complex 3a than for the ferrocene diphos complex 3b. The absolute configuration of the product from A was the same as that obtained with the parent Duphos catalyst but the ee's with 3a,b were significantly inferior to the 98% ee obtained with Duphos under similar conditions. 
Scheme 2
There is commercial potential for the products of the asymmetric hydrogenation of -amino esters D and E or enamides F-H. 12 The results for the hydrogenation of D-H with 3a as catalyst are collected in Table 4 . The enantioselectivities for D and E are disappointingly low, especially when compared to the ee's we obtained with Duphos under similar conditions in MeOH (79 and 69% for D and E, respectively). The best results obtained with 3a were for the hydrogenation of the enamides F-H. The enantioselectivities were superior to the <90% ee we obtained with Duphos under similar conditions in MeOH. Saito et al. 9 also obtained excellent results with enamides. Our results suggest that the enantioselectivities are sometimes sensitive to the solvent used; e.g. see entries 9 and 10 where the ee drops from 95% in MeOH to 70% in CH 2 Cl 2 . and in the Experimental section. The crystal structure of (R,R)-2a was determined (see Fig. 1 and Table 2 which lists important bond lengths and angles) and shows square-planar platinum with near equal Pt-P distances. The methyl group at C(223) blocks the upper left quadrant adjacent to the site occupied by Cl (22) . Indeed the shortest methyl hydrogen to Cl (22) contact (2.85 Å) is shorter than the methine H(220)Cl (22) contact (3.05 Å).
spectra were recorded on a JEOL 300 or JEOL GX400 spectrometers; coupling constant values are given in Hz. The microanalytical laboratory of the School of Chemistry, University of Bristol, carried out elemental analyses. The mass spectrometry service, University of Bristol, recorded electron impact and fast atom bombardment mass spectra on a MD800 and an Autospec.
Preparation of 1-diphenylphosphino-2-phosphinobenzene
Chlorotrimethylsilane (1.9 cm 3 , 15 mmol) was added slowly via syringe to a suspension of LiAlH 4 
Preparation of 1-diphenylphosphino-1′-phosphinoferrocene
Chlorotrimethylsilane (1.8 cm 
Preparation of 1-[(2R,5R)-2,5-dimethylphospholano]-2-diphenylphosphinobenzene (1a)
1-Diphenylphosphino-2-phosphinobenzene (1.10 g, 3.74 mmol) was dissolved in THF (45 cm 3 ) and n-BuLi (2.3 cm 3 , 3.74 mmol, 1.6 M solution in hexane) was added dropwise at room temperature. The deep red solution was stirred for 90 min, after which time a solution of (2S,5S)-2,5-hexanediol cyclic sulfate (0.67 g, 3.74 mmol) in THF (6 cm 3 ) was added dropwise giving an orange solution. The mixture was then stirred for 2 h, and then another portion of n-BuLi (2.55 cm 3 , 5.05 mmol, 1.6 M solution in hexane) was added dropwise, again giving a deep red solution. After stirring for a further 2 h, any excess n-BuLi was quenched with methanol (2 cm 3 ) and the yellow-orange mixture was filtered through Celite to remove the gelatinous precipitate. The yellow filtrate was concentrated to 5 cm 3 and pentane (25 cm 3 ) was added. The white precipitate was filtered off and the solvent removed to give the product as a viscous white oil From this, the configurations of the products from A-H can be rationalised if A-H bind to the metal via the re-face of the alkene. While this model is predictive, it is at odds with the observation that a Halpern-type mechanism (i.e. that product formation occurs from the less stable diastereoisomer of the substrate adduct) is known to operate for Duphos catalysts.
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Experimental
Unless otherwise stated, all reactions were carried out under a nitrogen atmosphere using standard Schlenk-line techniques. Dried, nitrogen-saturated solvents were collected from a Grubbs system 15 or obtained by refluxing under a nitrogen atmosphere over appropriate drying agents: calcium hydride (for CH 2 Cl 2 ), sodium/benzophenone (for diethyl ether and THF). After purification, all phosphines were stored under nitrogen at room temperature. The complexes were stable to air in the solid state and were stored in air at room temperature. The starting materials prepared by literature methods were: [PtCl 2 (cod)], 16 4 ], 18 and the Nacetyl--arylenamide substrates. 19 1-Bromo-2-diphenylphosphinobenzene was prepared using the palladium-catalysed cross-coupling reaction reported by Stille et al. 20 With the enamide substrates F-H, it was noted that the hydrogenations with 3a as catalyst were completed much more rapidly than with [Rh(nbd)(Duphos)][BF 4 ] and therefore, we monitored the reaction progress more closely. Fig. 2 4 ] was screened and shown to be more than five times slower than 3a. Thus it appears that the unsymmetrical catalyst 3a is significantly more efficient than either of its symmetrical analogues.
Quadrant diagrams for Duphos catalysts have been the subject of debate recently. 5, 13 They can be used to predict the absolute configuration of the hydrogenated product provided the substrate is presumed to bind to the metal in such a way that steric congestion is minimised (i.e. contrary to Burke's original proposal 4 ). The crystal structure of (R,R)-2a discussed above is consistent with the quadrant diagram proposed by Saito and co-workers. 9 and shown in Fig. 3 .
(0.9 g, 64% 22) were observed for the diastereoisomeric product formed when the S-enantiomer was used.
Preparation of 1-[(2R,5R)-2,5-dimethylphospholano]-1′-diphenylphosphinoferrocene (1b)
To a solution of 1-diphenylphosphino-1′-phosphinoferrocene (0.50 g, 1.24 mmol) in THF (20 cm 
Preparation of [Rh(norbornadiene)(1a)][BF 4 ] (3a)
To a solution of 1a (220 mg, 0.58 mmol) in CH 2 Cl 2 (8 cm 
Standard experimental procedure for asymmetric hydrogenation of substrates A-C
A 50 cm 3 glass vessel was placed in the steel autoclave and the reactor was sealed. The reactor was deoxygenated three times with nitrogen, evacuated and then sealed under vacuum and the temperature of the reactor was set to the required value. A methanolic (10 cm ) and the apparatus sealed. The vessels were purged 10 times with nitrogen and once with hydrogen. The autoclave was pressurised with 5 bar H 2 and the reaction mixture stirred for 3 h. The resulting mixture was filtered through a 1.5 cm pad of silica to remove the metal complex catalyst. The conversion was measured by 1 H NMR spectroscopy and ee determination by chiral HPLC (for H) using a Chiralpak AD 250 × 4.6 mm column; n-hexane-i-PrOH (92 : 8, v/v) or chiral GC (for D-G) using a CP Chiracel-Dex CB column from Chrompack (25 m × 0.25 mm × 0.25 m), operated at 150 °C or 160 °C. Racemates were used to check the technique. Absolute configurations
